Isatin is an important precursor for the synthesis of various pharmacologically active heterocyclic compounds. Its derivatives possess antimicrobial, antiviral, anti-inflammatory, anticonvulsive, anti-HIV, anticancer activities, etc. In this paper, 5-Chloroisatin-3-hydrazone was synthesized and identified by elemental microanalysis, as well as FTIR and UV/VIS methods. Its antibacterial activity was tested against Escherichia coli ATCC 25922, Enterococcus faecalis ATCC 29212, Staphylococcus aureus ATCC 6538, Pseudomonas aeruginosa ATCC 43895 and Proteus vulgaris ATTC 8427 in different concentrations. In case of Gram-negative bacteria Proteus vulgaris, 5-Chloroisatin-3-hydrazone showed to be the most efficient at all tested concentrations (inhibition zone is 25 mm) at the concentration of 500 μg•cm -3 . The photolytic stability of synthesized 5-Chloroisatin-3-hydrazone was also investigated by using UV-B and UV-C cumulatively irradiation at different intervals of time.
Introduction
Isatin and its derivatives are very important intermediates in the synthesis of different pharmaceutical active components [1] . As an endogenous compound, isatin can be found in plants of the genus Isatis, in Calanthe discolor LINDL and in Couroupita guianensis Aubl [2] . It also represents a consistent component of the secretion from the parotid gland of Buffo frogs [2] and is a constituent of different alkaloids, drugs, dyes, and pesticides [3] . Antimicrobial, antiviral, antiretroviral (anti-HIV), anticonvulsive, antitumor and anti-inflammatory activities of isatin and its derivatives are well described in the literature [4] . Hydrazones have shown to possess antibacterial, anticancer, tuberculostatic and fungicidal properties, making them important in medicine and pharmacy [5] . Previous studies have shown that isatin and some of its derivatives in combination with benzophenone are used as auxiliary UV absorbers in pharmaceutical and plastic industries [6] . Isatin derivatives possess a significant photolytic stability against UV-A irradiation, suggesting the implying kinetic to be pseudo-first order [7, 8] . Although similar compounds have been investigated as UV-absorbers, the basic mechanisms related to their interactions with UV-light are still undefined [8] .
With the aim of the possible application in cosmetic and pharmaceutical formulations, 5-Chloroisatin-3-hydrazone was synthesized, identified and tested for antibacterial activity and photolytic stability. Antibacterial activity was tested against E. coli, E. faecalis, S. aureus, P. aeruginosa, and P. vulgaris by the disc diffusion method. Photolytic stability of 5-Chloroisatin-3-hydrazone toward UV-B and UV-C irradiation has been investigated, too.
Experimental

Chemicals
All chemicals were of reagent grade and used without further purification. 5-Chloroisatin was provided from Fluka Chemie AG (Switzerland), and the hydrazine solution was purchased from Sigma Aldrich (Munich, Germany).
Materials and methods
Elementary microanalysis of carbon, hydrogen and nitrogen was performed using a Carlo Erba 1106 microanalyzer (Devon, United Kingdom). The purity of the synthesized compound was gained by thin layer chromatography (TLC) on silica gel using benzene: chloroform = 55:45. The compound being visualized by iodine vapors. The UV/ VIS spectra were recorded on a Varian Cary-100 UV/VIS spectrophotometer (United States) using 1x10 -4 mol•dm Cumulatively UV irradiations of the sample are carried in a cylindrical photochemical reactor "Rayonnet" with 7 symmetrically placed lamps with emission maxima λ = 300 nm for UV-B and λ = 254 nm for UV-C. The samples (DMF solution with c = 5·10-5 mol•dm ) were irradiated in quartz cuvettes (1 x 1 x 4.5 cm) placed on rotating circular holder. The total energy flux 10.5 W·m -2 for λ = 300 nm was calculated from the ratio of the energy of UV photons and 12.5 W·m -2 for λ = 254 nm was calculated by using UV-meter Solarmeter SM 8.0 UVC, "Solartech" Inc.
Synthesis of 5-Chloroisatin-3-hydrazone 5-Chloroisatin-3-hydrazone was prepared by the reaction of the equimolar amount of 5-Chloroisatin (1.81 g) and hydrazine solution (0.41 cm 3 ) in 95% ethanol, following the standard procedure [9, 10] . The reaction mixture was refluxed for 45 min at 50 °C. pH was adjusted to 4.5 by adding H 2 SO 4 . The product, precipitated as dark-yellow solid, was collected by filtration, washed with ethanol and dried over CaCl 2 .
Antibacterial activity
The compound was evaluated for its in vitro antibacterial activity against Gram-positive bacteria S. aureus and E. faecalis and Gram-negative bacteria E. coli, P. aeruginosa and P. vulgaris. The antimicrobial screening was performed by the agar diffusion method using a paper disc. The sterilized agar (autoclaved at 120 °C for 30 min) was inoculated (1cm 3 /100 cm 3 medium) with the suspension of microorganisms (matched to a McFarland barium sulphate standard) and poured into a Petri dish. The paper discs impregnated with 5-Chloroisatin-3-hydrazone (125 μg·cm -3 , 250 μg·cm -3 and 500 μg·cm -3 ) in DMF were placed on the solidified medium. The zones of inhibition were measured after 72 h of incubation at 37 °C [9, 10] .
Photolytic activity
The synthesized compound dissolved in DMF (1x10
) was irradiated by lamps with emission maxima λmax = 300 nm for UV-B and λmax = 254 nm for UV-C. 5-Chloroisatin-3-hydrazone was UV-B irradiated at intervals of 0, 15, 30, 45 and 60 min, and UV-C irradiated at intervals of 0, 5, 10 and 16 min. Changes in absorbance were monitored as a function of time.
Results and discussion
The synthesis of 5-Chloroisatin-3-hydrazone was carried out by the carbonyl-amine condensation reaction of 5-chloroisatin and hydrazine, in the presence of ethanol (Fig. 1) . The formation of 5-Chloroisatin-3-hydrazone is carried out in an acidic medium (pH = 4.5) not only because of the greater reaction velocity, but also because of the water elimination, which occurs after the nucleophilic attack of hydrazone onto the isatin carbonyl group. The attack on the C=O group of isatins usually happens in the position C-3 (i.e. in the β-position), while C-2 (i.e. α-position) reacts with nucleo¬philes only under specific conditions, due to a negative inductive effect of the amino group [2] . UV/VIS spectral analysis of 5-Chloroisatin-3-hydrazone The UV/VIS spectra of 5-Chloroisatin-3-hydrazone recorded in the solution of ethanol, DMF and DMSO (c = 1x10 -4 mol·dm -3 ), and the numerical data are presented in Table 1 . The spectra were recorded in different solvents to show the impact of their different polarity on bands position in this compund.
The electronic spectra of 5-Chloroisatin-3-hydrazone which are covered by with far more intense π→π* band assignation do not possess a visible transition of n→π* type, which is also characteristic of the synthesized compound [11, 12] . Ethanol, as a protic polar solvent (µ = 1.69 D), allows the full range spectrum recording, starting from λmax = 190 nm. Aprotic polar solvents such as DMF and DMSO enable spectrum recording starting from λmax = 270 nm, because of their own absorption.
The band that appears in the spectrum recorded in ethanol at λmax = 357 nm is bathochromically shifted for ∆λ = 11 nm (λmax = 368 nm) and for ∆λ = 16 nm (λmax = 373 nm) in the spectrum recorded in DMF and DMSO, respectively. Those shifts were expected, since the values of dipolar moments of these two solvents are µ = 3.82 D for DMF and µ =3.96 D for DMSO [7] . Antibacterial activity In vitro antibacterial activity of 5-Chloroisatin-3-hydrazone was tested against Gram-positive bacteria (S. aureus and E. faecalis) and Gram-negative bacteria (E. coli, P. aeruginosa, and P. vulgaris). Experimental results of the antibacterial activities of 5-Chloroisatin-3-hydrazone are given in Table 3 . The Table also contains the values of antibacterial activity of isatin-3-hydrazone, synthesized under the same condition and tested against the same microorganisms [15] . Table 3 . Zone of inhibition (mm) of 5-Chloroisatin-3-hydrazone and Isatin-3-hydrazone Table 1 . UV/VIS spectral data of 5-Chloroisatin-3-hydrazone FTIR spectral analysis of 5-Chloroisatin-3-hydrazone The main IR spectral bands of 5-Chloroisatin-3-hydrazone and numerical data are presented in Figure 2 and Table 2 . The stretching vibration ν(C=O) is batochromic shifted (1691 cm -1 ) due to the presence of the intramolecular hydrogen bond (Fig. 3) . In isatin-hydrazones, a hydrogen bond between secondary amino and keto group in the position 2 is a common one, forming a stable chelate structure. The spectrum of 5-Chloroisatin-3-hydrazone, besides the absorption vibration νs(NH 2 ) at 3177 cm -1 , exhibits a new band at 3396 cm -1 , as absorption vibration νas(NH 2 ) of the hydrazone part of the molecule. The symmetric vibration is hardly noticeable, since it is overlapped with the absorption vibration of the secondary amino group. This confirms the presence of the already mentioned intramolecular hydrogen bond. FTIR spectrum of 5-Chloroisatin-3-hydrazone contains a band at 1599 cm -1 , as a newly created C=N bond, which correlates with the literature, and can not be found in the spectra of 5-Chloroisatin [2, 13, 14] . 
5-Chloroisatin-3-hydrazone showed to be the most efficient at all tested concentrations against bacteria P. vulgaris and the inhibition zone is the largest (25 mm) at the concentration of 500 μg•cm -3 . 5-Chloroisatin-3-hydrazone exhibits the lowest activity against E. faecalis at the tested concentrations of 125 and 500 μg•cm -3 (inhibition zones 13 and 21 mm, respectively), while at the concentration of 250 μg•cm -3 the weakest activity was reported against both E. faecalis and E.coli (inhibition zones are 19 mm). Comparing to isatin-3-hydrazone [15] , 5-Chloroisatin-3-hydrazone possesses the almost similar antibacterial activities against E. faecalis, S. aureus and P. aeruginosa (under the same concentrations). At all concentrations, 5-Chloroisatin-3-hydrazone is more efficient than isatin-3-hydrazone [15] against E. coli, as well as against P. vulgaris. Comparing the activities of two compounds, better results achieved with 5-Chloroisatin-3-hydrazone can be explained by the presence of chloro substituent at position 5, which is the only difference in the structure of two isatin derivatives.
Photolytic activity UV-VIS absorption spectra of 5-Chloroisatin-3-hydrazone after UV-B and UV-C irradiation, as well as, the kinetic ln A are shown in Figures 4b and 5b . Although UV-VIS spectra were recorded in three different solvents, photolytic stability was only investigated in DMF in order to continued our previously work [7, 8] . 5-Cloroisatin-3-hydrazone was subjected to UV-A radiation, too, at intervals of 15 min within 60 min. The results showed no degradation of the compound after 60 min. of irradiation, and therefore were not shown in the paper. Absorption maxima decrease in both cases (Figures 4a and 5a) , and a slight batochromic shifts have been observed at the end of any particular UV-B and UV-C irradiation. The values of ln A plotted against irradiation time as a linear function (Figures 4b and 5b) , suggesting the photolytic kinetics to be probably of pseudo-first order. Degradation kinetics highly depends of UV-irradiation energy input. With the increase in the energy of the incoming photons the rate of degradation 5-Cloroisatin-3-hydrazone increases, also. This suggests that the stability of compound depends on the radiation dose, i.e., on the energy of the incoming photons. Also, the results for reaction rate constants (Figures 4b and 5b) , showed that photolysis of 5-Chloroisatin-3-hydrazone under the UV-C irradiation (k = -0.05579 min -1 ) is faster, than photolysis under the UV-B irradiation (k = -0.01071 min -1 ). This suggests that photolytic reduction of 5-Chloroisatin-3-hydrazone is slower under the UV-B irradiation and therefore more stable .The results are in a good agreement with previous investigation of the similar isatin derivatives [7, 8] . Based on the previous research [7, 8] , mechanism can be suggested as a hydrogen abstraction from DMF by triple state of isatin carbonyl group (induced by irradiation energy absorption) as a very reactive chromophore ( Figure 6 ). Radicals, such as ketyl and DMF, suggested in this mechanism can only be speculated, since the suitable techniques, such as flash one, were not available. 
Conclusion
The synthesized 5-Chloroisatin-3-hydrazone possesses various antibacterial activities against all tested microorganisms at the concentrations of 125, 250 and 500 μg•cm -3 . The best results are achieved against Gram-negative bacteria P. vulgaris at the concentration of 500 μg•cm -3 (inhibition zone 25 mm). 5-Chloroisatin-3-hydrazone showed a significant photostability against UV-B and UV-C irradiation. The photolytic kinetics is probably of pseudo-first order depending of the irradiation energy input, UV-B vs UV-C. The mechanism can be suggested as a hydrogen abstraction from DMF by triplet state of the isatin carbonyl group, with the formation of ketyl and DMF radicals. Konstantinović 
